
— 


' ' 


The New Army Airship A4 at Its Trials 


VOLUME VI 
f Number \ * 


SPECIAL FEATURES j jj 

DEVELOPMENT OF THE NC SEAPLANES . - - 
NAVAL AIRSHIP C-5 MARJSS 1100- MILE FLIGHT 
IURSE IN AERODYNAMICS AND AIRPLANE DESIGN 
K VENEER BODY CONSTRUCTION 

vACHART FOR PERFORMANCE COMPUTATIONS 


Three 

Dollars 


PUBLISHED SEMI-MONTHLY 

The GARDNER-MOFFAT CO.. Inc 
HARTFORD BUILDING. UNION SQUARE 
22 EAST SEVENTEENTH STREET. NEW YORK 



458 



THE MARTIN NIGHT BOMBER 


THE MOST IMPORTANT AERIAL DEVELOPMENT 
THE WAR 

Officially, it has surpassed the performance of every 
competitor. 


The forerunner of the wonderful 

AERIAL FREIGHTER and 

TWELVE PASSENGER AIRPLANE 

The skill and ability of the HOUSE OF MARTIN con- 
tinue to maintain Supremacy of Performance and Depend- 
ability which they have held since 1909. 



THE GLENN L. MARTIN COMPANY 

CLEVELAND 

Contractors to the United States Cooernment 


I, 1919 
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Hall Scott L~4 Engine 

carries first Airplane 
Mail to Canada 


' | 'HE practicability of the 
Hall-Scott Liberty Four for 
Commercial use has been thor- 
oughly proved in a series of 
flights, the most interesting of 
which is that of the Boeing 
Seaplane in carrying the first 
mail from Canada to the 
United States via air rou 
This flight, briefly dt 
cribed in the attached le 
ter should prove intensel 
interesting to everyone in- 
terested in aerial trans- 
portation. 


TION 


I. 1919 
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Why Walnut is Better Than 
Other Woods for Airplane 
Propellers 


'T'HlS is a question of vital importance to the 
A aviator whose life depends upon the reliability 
of his propeller. The fact that walnut is better than 
other woods for propellers is an established fact, 
recognized by all authorities on the subject. The 
reasons why it is superior are not always so clearly 
understood bv the users of propellers. THREE 
PRINCIPAL REASONS FOR THE SUPE- 
RIORITY OF WALNUT ARE AS FOLLOWS: 

1. Walnut is very light and has great strength 
and shock resisting qualities. 

2. Walnut is the most substantial and most 
durable cabinet wood known to the wood- 
working industry. 

3. Properly dried walnut will never shrink, 
warp or twist after it has been manufactured 
into a propeller. 


HARTZELL WALNUT PROPELLER CO. 

PIQUA, OHIO 
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W K had some castings made to your formula,” con- 
tinued the Purchasing Agent, “but our Engineering 
Department reports that they don't stand up like Non-Gran. 
What do you put into your material that makes it so ever- 
lastingly durable?” 


Secret of NON-GRAN 


“It is all ill the foundry practice, “ replied the Non-Gran sales- 
man. “The process of alloying and casting Non-Gran is the 
result of ten years' specialization on this one alloy. No other 
metal ever gets inside our foundry. 


“The fundamental reason for the superiority of Non-Gran is 
that it is made to meet a quality ideal. We do not sacrifice 
quality to meet price. Non-Gran is bought by manufacturers 
who recognize the insurance against bearing troubles that 
Non-Gran provides. 

“Recently a Factory Manager told me that his Company lost 
more on one lot of defective castings than the total difference 
in cost of Non-Gran for a year's requirements. 


“We safeguard our customers’ interests by making sure that 
every Non-Gran Bearing has the same superior quality.” 


ISN'T THIS THE KIND OF SERVICE YOU IV ANT TO TIE UP IVITH? 


American Bronze Corporation 

Berwyn Pennsylvania 
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OLMSTED PROPELLERS 



The C. M. O. Physical Laboratory, Inc., Buffalo, N. Y. 

inserts the following advertisement concerning the unique propellers, which because of 
high efficiency were selected by the Navy for the trans- Atlantic NC boats. 


DESIGNER. Charles M. Olmsted, A.B., A.M., Harvard, Ph.D. Univ. of Bonn; 
formerly a physicist of the Carnegie Institution of Washington, now president of the 
C. M. O. Physical Laboratory, Inc. 

DIFFERENCE: The basic underlying theory, according to which the radial dis- 
tribution of blade surface and angle is determined, is original with Dr. Olmsted, and the 
resulting blade is much wider at the base and narrower at the tip than standard practice. 

This is clearly seen in the above photograph 
of the Navy trans-Atlantic hydro-aeroplane 
equipped with Olmsted propellers. 

ADVANTAGE: Olmsted propellers in- 
variably hold the motor to within a few' per 
cent of the predetermined revolutions and 
deliver at these revolutions a greater flying 
thrust than is attainable with any other blade. 

TESTS: Numerous official Army and 
Navy tests have invariably proved that the 
Olmsted type of blade is more efficient than 
the most skillfully designed and constructed 
blades of the type now in common use. We 
print herewith curves -made from the figures 
of a recent official Navy test. Notwithstand- 
ing the fact that the Olmsted propeller in- 
creased the climb in ten minutes by 52% while 
holding the motor to exactly the same revolu- 
tions, the same propeller also increased the 
maximum horizontal speed several miles per 
hour. 

PATENTS : The Olmsted type of blade 
is fully covered by U. S. and foreign basic 
form patents which are owned by 

THE C. M. 0. PHYSICAL LABORATORY, INC , BUFFALO, N. Y. 
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AEROPLANE CRANKSHAFTS 


WYMAN-GORDON HIGH DUTY CRANK- 
SHAFTS did their full duty in Aeroplane 
t Motors used by the United States and Allied 
Nations. 

We are justly proud of our contribution to the 
General Aeronautical Program. 


WYMAN-GORDON COMPANY 

The Crankshaft Makers 

Worcester, Mass. Cleveland, Ohio 
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Qualiti] 

ShOWING a few of the factory report forms used in the testing, checking, gauging 



and inspection systems by which New Departure quality is persistently maintained. 


New 

Ball 


Vol. VI 
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AND 

AERONAUTICAL ENGINEERING 


T HE brilliant success which attended the progress 
of the NC Seaplane Division 1 in its flight to the 
Azores, and which was marred only in part by 
the fog, is a lasting monument to the professional skill 
of our naval aviators as well as to the worth of Ameri- 

While Commander Read carried off the laurels for 
sheer flying performance by making a 1,200-mile non- 
stop flight from Trcpassey to Horta, Commander Tow- 
ers' successful sailing of his disabled seaplane for two 
days in heavy seas and storms is an achievement that 
deserves a place of its own in the annals of aviation. 
This surface eruise of 200 miles brilliantly shows up the 
seaworthiness of the large boat-type seaplane, originated 
and developed by Glenn H. Curtiss, and its great possi- 
bilities for ocean travel, while it sheds a new light on 
the grit and resourcefulness of the United States Navy. 

While Commander Bellinger was less successful in his 
attempt to reach the Azores with the NC-1. his flight, 
which ended but 100 miles off the goal, is evidence of 
the excellence of the Liberty engine, which worked 
faultlessly on all the three seaplanes. 

Hawker and Grieve 

The unsuccessful attempt of Harry G. Hawker and 
Commander Mackenzie Grieve, R. N., to win for Great 
Britain the blue ribbon of the transatlantic flight is a 
tale of heroism which will be indelibly inseribed upon 
the rolls of honor of the British race and of mankind. 

To attempt to cross 1900 miles of ocean without alight- 
ing in a land machine demands more than ordinary 
determination and endurance; therefore the news that 
the two gallant Britons have been rescued after hope 
had almost dw indled as to their chance of survival will 

The Flight of the C-5 

The meteoric career of the United States naval air- 
ship C-5 affords a highly instructive object lesson to all 
those concerned with the development of lighter-thmi- 

On the one hand, we have the outstanding fact of an 
American-built and American-manned airship of com- 
paratively small size — 180,000 eu. ft. — making under 
most adverse weather conditions a non-stop cruise of 
1.100 miles and reaching its destination according to 
plan, whieb demonstrates that the airships of the United 
States Navy are, within their class, second to none. 

On the other hand, the unfortunate loss of the C-5 
serves to indicate that the problem of mooring an airship 
in a wind-swept area has not been fully solved as yet. 


The three-point ground anchorage for airships, which 
failed in Newfoundland, answers its purpose under aver- 
age weather conditions, and has the merit of low cost 
and ease of assembly. But in a gale this mooring puts 
the envelope and rigging of a nonrigid to an unduly 
high strain because the wind impinges upon the airship 
tangentially instead of co-axially ; this gives, further- 
more, rise to a lifting component which varies with the 
strength of the wind and therefore causes longitudinal 
oscillations. In other words, the airship pitches on its 
moorings, with the ensuing risk of having the envelope 
damaged if the wind be strong enough. 

Experiments carried out abroad lead to the conclusion 
that instability on the moorings can best be overcome 
by the use of mooring masts provided with a canvas 
cup, to which the airship fastens her nose and then 
swings freely with the wind. Of course, nonrigids re- 
quire special reinforcement on the nose, but otherwise 
this solution appears extremely simple and workable; 
it has in fact given remarkable results abroad, some 
ships thus moored having outridden winds of 50 m. p. h. 
The development of a mooring mast, built in sections 
so it could be easily transported, assembled and taken 
down again, therefore seems to demand the immediate 
attention of airship constractoi's. 

The Air Mail Service 

The first annual report on the operation of the air 
mail service between Washington and New York, which 
has just been made public by the Post Office Department, 
is a document of more thau passing interest and its 
perusal is well worth the time of all those interested 
in the development of commercial aeronauties. 

The outstanding features of this report are: that 
out of a possible 138,310 miles there were flown 128,255 
miles, that is, a performance of 92.73 per eent. ; that 
out of 1,263 trips only 55 were not undertaken or failed 
for various reasons — a default of only 4.4 per cent ; that 
during these twelve months there have been only thirty- 
seven forced landings; that the six airplanes whieh en- 
tered upon this service a year ago are, with the same 
engines, still in commission, rendering continuous ser- 
vice ; that there has occurred no single fatal accident 
and only two serious and six light injuries in flying 
operations; and finally, that the balance sheet of the 
service shows a net surplus of over $19,000. 

The record of the air mail not only bears testimony 
to the careful and efficient manner in which the service 
has been operated by Hon. Otto Praeger and his assis- 
tants; it also proves beyond dispute that the era of 
aerial transport lias truly arrived. 
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Detail Design Work 

In carrying on the actual work of design, tl.c design as a 
whole was first divided into its main elements. These main 
elements were designed or approved by the Bureau of Con- 
struction and Repair. The details of these main elements 
were then distributed to the members of the design force at 
Buffalo working upon them. All ideas, whether of the Curtiss 
Co. or of the Navy, were pooled, and, as details were worked 
out, the decision as to the solution to aceept was made as a 
result of discussion. 

When this design had progressed sufficiently far to make 
possible an investigation of its resistance and speed it was 
found that the power available in the three Liberty engines 
would be sufficient, and the weight and dimensions were 
accordingly fixed as the following: 

Flying weight, 22,000 lb.; span, 126 ft.; chord, 12 ft.; gap, 
13 ft.; length over all. 68 ft. 3 ',2 in.; length of hull, 45 ft. ; 
total wing area, 2, .'180 sq. ft.; engines, three low compression 
Liberty type M, developing each 330 hp. at 1590 r.p.m. ; 
weight (empty), 13,000 lb.; speed, 80 m.p.h. 

This design is the one which has been worked out and com- 
pleted. 

In the latter part of December the major portion of the 
engineering and design staff of the Curtiss Aeroplane and 
Motor Corp. was taken over by the Curtiss Engineering Corp. 
at Garden City', N. Y., and was transferred there, taking with 
them the work in connection with the NC-1 design. At that 

S lant the drawings were completed and arrangements for 
uilding made. 


By- the early' part of December, 1917, the design had pro- 
gressed far enough and gave sufficient promise of success to 
justify the Bureau of Construction and Repair, after obtain- 
ing concurrence of the Bureau of Steam Engineering as to 
the power plant, in requesting authority' to have four of the 
type built. This authority’ was received from the Secretary of 
the Navy, and instructions were issued for the preparation 
of a requisition for the covering of the expenditures involved. 
It was to be feared that the throwing of this work of con- 
struction upon the airplane manufacturers, already- over- 
burdened with other demands, would result in delaying air- 
plane work already in progress for the Navy Department. 
This apprehension was expressed in the following letter, in 
which authority teas extended for the construction of these 
large Hying boats: 

Navv Department 

Washington, D. C., Dee. 21, 1917. 
To Bureau of Construction and Repair and Bureau of 
Steam Engineering. Subject: Three-Engine Flying 
Boat Proposed. 

1. The bureaus are directed to prepare a requisition 
as recommended in their joint letter of Dec. 7, 1917. 

2. The construction of these seaplanes shall in no way 
interfere with the production of aircraft to meet the 
program already- laid down, nor with the development 
and construction of special types of aircraft os recom- 
mended by commander naval aviation forces abroad. 

Josephus Daniels. 


A contract was thereupon made with the Curtiss Engi- 
neering Corp. for. the building of four flying boats of the 
NC type. Due to the large sire of these boats, and to the manv 
novel features of construction involved, it was impossible to 
estimate with any- degree of accuracy- the probable cost, and. 
accordingly, the contract awarded the Cnrtiss Co. was on the 
basis of cost of work plus a percentage for profit. This 
required the placing of this work under the close supervision 
of the department, and this supervision through the building 
of these Hying boats was exercised for the Bureau of Con- 
struction and Repair by Naval Constructor C. C. Wester- 

. The plant of the Curtiss Engineering Corp. at Garden City, 
N. Y„ was of insufficient size for the building of Hying boats 
of the dimensions of the NC-1. It was accordingly necessary 
for the Navy Department to authorize the building, at its 
own expense, of a building attached to this plant of sufficient 
size for the complete assembly of two of these Hying boats 
at one time. In addition, as the ordinary facilities of the 
Curtiss Co. were such that it was certain that the attempt of 


that organization to carry out in complete detail the entire 
construction of these flying bouts would be productive of most 
serious delays in completion, it was decided to build them on 
the assembly basis. 

That is to say, the various elements would be built by 
various manufacturers building a product of somewhat simi- 
lar nature, or one requiring workmen of similar qualifications 
to those ordinarily employed for work of the nature of that 
in contemplation. These dilTerent elements would be shipped 
to Garden City, to be there assembled into the completed 
lly-ing boats. As a result of this decision, different parts were 
built at the following places: 

Boat Hulls— Curtiss Engineering Corp., Garden City, N. 
Y. : Lawley & Sons Boat Co., Boston, Mass. ; Herreshoff Co., 
Bristol, R. 1, 

Tail Beams — Pigeon-Fraser Hollow Spar Co., Boston, 

Gasoline Tanks — Aluminum Co. of America, Pittsburgh, 
Pa. 

Wings, Control Surfaces and Struts — Locke Bodv Co., New 
York. 

Nacelles. Major Details Gasoline System, and All Wiring — 
Curtiss Co., Garden City, N. Y. 

Metal hitting — Unger Bros., Newark, N. J.; Beaver Ma- 
chine Co., Newark, N. .1.; Brewster Body Co., New York. 

Wing Tip Floats — Albany Boat Co.. Albany, N. Y. 

Liberty Engines — Packard Motor Car Co.. Detroit, Mich.; 
Ford Motor Car Co., Detroit, Mich. 

There were also not available at any operating station 
hangars of sufficient size for housing these Hying boats. Con- 
struction was arranged for by the Navy Department at the 
Rockaway Beach Naval Air Station for a building of suf- 
ficient size tor housing two of these boats. Due to their very 
large size, special handling arrangements of the marine rail- 
way type for getting into and out of the water when necessary 
were provided. The Rockaway Beach Naval Air Station was 
chosen for the location of the hangar and handling arrange- 
*'e Curtiss Engineering 
r carrying out the 


Text Flights of the NC-1 


The first of these flying boats, the NC-1, was completed 
and tlown Oet. 4. 1918, or approximately- one year from the 
commencement of the design. The trials were a source of 
great satisfaction, as it was soon demonstrated that the con- 
trol and balance in the air were very satisfactory, and in 
accordance with the prediction of the wind tunnel "tests, and 
that the performance on the water was all that could be de- 
sired and entirely justified the confidence placed in the model 
tests in the towing basin. No structural w-eakness developed, 
and the speed came out as predicted. In short, this Hying 
boat, designed from theoretical and model experimental data, 
combined with the practical experience of a half dozen or 
more people, performed in every way so close to her designed 
characteristics as completely to justify the methods of the 
naval architect as here npplied in the design of a flying 
machine. 

As flying tests on the first boat were continued, many 
changes were tried with a view to improve the original design, 
and as these were found advantageous were incorporated on 
this and on the other three boats then building. 


The Bureau of Steam Engineering, at this stage, w-as able 
materially to improve the performance of the boat, by the 
application of new propellers designed in that bureau. The 
NC-1 was originally fitted with standard navy low-compres- 
sion Liberty engines, which were found to be entirely satis- 
factory, but during the period that the NC-1 was being tested 
with these engines the Bureau of .Steam Engineering nt its 
experimental laboratory at the Washington Navy Yard per- 
fected carburetor adjustments on the high-compression Lib- 
erty engines which materially improved its economy. 

Since the high-compression engine gave greater power than 
the low-compression engine, such engines replaced the original 
installation on the NC-1. With the new propellers and the 
new engines, the boat got out of the water and flew easily 
wm. o a total weight of 24,700 lb. The designed load was 

Besides providing propellers and engines for the boat, the 
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Bureau of Steam Engineering supplied a remarkably efficient 
electric self-starter to each engine. This type of self-starter 
weighed only thirty-five pounds, and by means of this im- 
provement it was possible for the pilot to start any engine 
without leaving his seat. It is believed that this constitutes 
the first application of an electric self-starter to the Liberty 

The month of November, 1918, was spent in thoroughly 


boats a further change was made by omitting the centre 
nacelle and placing the pilots in a cockpit in the hull." 

These boats, as completed and equipped, with all instru- 
ments, cooling water and fixed accessories, weigh 15,874 lb., 
and when fully equipped with crew, radio, ice and water, 
spare parts, anil with fuel and oil for a flight of 1,400 sea 
miles, weigh 28,000. The useful load carried is, therefore, 
12,126 lb., or over 43 per cent. With the full load of 28,000 
lb., the boats make a speed of 85 m.p.h. and leave the water 



Side Elevatios of the Xt'-l. as Originally Constricted With Three Lidertv Engines and Wing Gun-Turret 


Rockaway, N. Y„ to Washington, via the entrance to Chesa- 
peake Bay, was made with nine persons on board. On Nov. 25 
the NC-1 broke (he world’s record for passenger carrying, 
having on board in the air fifty-one persons. One of these 
w-as a stowaway, who had concealed himself in the interior. of 
the hull for over an hour prior to the starling of the flight, 
aud is probably the first man to deliberately stow himself 

flights Naval Constructor Richardson was in charge and w-as 
one of the pilots. 

After making various minor improvements, it w-as con- 
cluded that the ma-imum which could lie obtained from three 
Liberty engines hail been reached, and no further improve- 
ments in performance could be expected until geared engines 
became available. It was believed that the geared engines 
were still in an experimental stage. It was apparent, how- 
ever, that the flying part of the craft could sustain a greater 
load if more power were available, and it was accordingly 
decided to add a fourth engine, making a total of 1600 hp. 

The second boat completed, designated as NC-2, was there- 
fore fitted with four Liberty engines, arranged as two pairs 
of tandems, and on its trials in March, 1919, successfully flew 
with a total weight of 28,000 lb. The addition of the fourth 
engine, which increased the dead weight of the boat by about 
1 .500 lb., permitted about 3,300 lb. of extra weight to be car- 
ried, or a net gain of 1,800 lb. 

The NC-3 and NC-1 were completed in April, 1919, and 
w-erc likewise fitted with four high-compression Liberty en- 
gines, but with a somewhat different arrangement. In these 
tu-o boats two engines were arranged on the central line as a 
tandem pair driving a tractor and a pusher propeller, respec- 
tively, with the other two engines mounted on the wrings as 
tractors, as were the wing engines on the NC-1. In these 


easily. ^ At the average loading of 24,000 lb. the full speed is 


Hull Construction 

The hull or boat proper is 45 ft. long by 10 ft. beam. The 
bottom is a double plank Vee, with a single step somewhat 
similar in form to the standard navy pontoon for smaller 
seaplanes. Five bulklicads divide the hull into six water-tight 
compartments, with water-tight doors in a wing passage for 
access. The forward compartment has a cockpit for the look- 
out and navigator. In the next compartment are seated side 
by side the principal pilot, or aviator, and his assistant. Next 
comes a compartment for the members of the crew off watch 
to rest or sleep. After this there are two compartments con- 
taining the gasoline tanks (where a mechanician is in attend- 
ance) and finally a space for the radio man and his apparatus. 
The minimum crew consists of five men, but normally a relief 
crew would be carried in addition. 

The ^hull is designed to have an easy flaring bow, so that 

sary to take the air, <uid a strong Vee bottom to cushion the 
shock of landing on the water. The combination of great 
strength to stand rough water, with the lightweight required 
of anything that flies, was a delicate compromise and it is 
believed that a remarkable result has been obtained in this 

The bare hull as completed by the yacht builder and ready 
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Naval Airship C-5 Makes 1100-Mile Flight 




AVIATION 





Course in Aerodynamics and Airplane Design 


Part III. — Experimental Aeronautical Engineering 



Section 5. Full Flight Testing 
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'WO conspicuous examples of the merit 
reliability of aeronautical engine perfc 
i, are instanced in the 


HISPANO-SUIZA 

AERONAUTICAL 

ENGINE 


installation, in the famous Loening and Vought 
aeroplanes, designed primarily to allow the fullest 
expression of this remarkable engine’s individuality 
in both the 300 and 180 horse-power types. 
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Veneer Body Construction 
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body was Y s in. thick, consisting: of outside plies 1/24 in. thick 
with longitudinal grain and a core of 1/24 in. thickness with 
transverse grain. 

Some of the bulkheads were 'Yi and Ys Hl - thick, made of 
nine-ply wood, while others were 1 in. in thickness, made of 
eleven-ply. The bulkhead at station 7 formed the point of 
attachment for the lift wires, and annular reinforcement strips 
were fastened to the bulkheads, varying from 2 in. at this 
point to % in. in the rear portion. 

The upper longerons were of ash from stations 1 to 9, and 
of spruce in the rear sections, while the lower longerons were 
throughout of spruce. 

Under a dynamic loading of 6.5 longitudinal cracks com- 
menced to show in the skin near station 7, giving evidence of 


in the skin do not occur at points of great stress. 

(7 1 The upper longerons should be strengthened at cut-outs 
such as the cockpits. 

(8) Bulkheads should be so designed that they will stand 
up well under local reactions and bending moment applied by 
the lift wires. 

(9) Very careful manufacture should l>e maintained in order 
to insure good uniform results. 

higher strength than the third body, which is highly in- 

For the benefit of airplane designers a general assembly 
drawing of a typical veneer fuselage for the USXB-1. or Bris- 
tol type combat airplane, is illustrated in Fig. 8, with the prin- 
cipal dimensions and distances of stations. All station numbers 
in the description of the USXB-1 refer to this drawing. 


Tailoring of Airship Envelopes 

By R. H. Upson 


Considerable interest has developed both abroad and in this 
country in regard to the established American practice of 
“ tailoring " non-rigid envelopes, which gives them certain ad- 
vantages usually thought peculiar to rigid airships without 
spoiling the desired symmetrical shape. This article does not 
deal with the detail of pattern calculation, which is a mere 
mathematical process, nor with the theory of water models and 
static design in general, but simply sets forth some basic no- 
tious underlying this subject. 

As u rule it is necessary to tailor a non-rigid envelope unless 
all the bending moments are balauced against each other at 
each point ulong the bag. If carefully calculated, this can be 
done by adjusting the following items in correct proportion : 



Fin. 1 frog). Airship Monm. IvslaTkh with Air 
Fiu. 2 (iioTTiisi). The Same, Fii-i-ed with Water 

Sine and shape of envelope, length and weight of ear, distance 
between ear and envelope, angle of suspension, size and posi- 
tion of bnlloucts, weight and location of fin group, weight and 
position of detached power plants, gasoline tanks, ete. 

But tailoring is not always advisable, ns. l'or instance, when 
the general design and purpose of the ship brings the various 
component parts into a position which makes it convenient to 
approximate a good envelope form by other methods. This 
allows, however, a very limited choice in the position of various 
items, sueli as ear. tins, bnlloucts and fuel tanks. These re- 
quirements are different for almost every different design of 
airship, ami in but few eases do they work out conveniently to 
a distribution of load which in itself will eliminate distortion 

When the loads (bending moments) are not distributed uni- 
formly along the gas bag, a rigid envelope will hold its shape, 
hut a non-rigid will lie strained or bent under the inlluenee of 
tension and shear. A rather typical form of distribution is 
shown in th<> accompanying illustrations. This is a small water 
model, made of parallel fabric lo show better how it distorts. 
Fig. 1 shows the model inflated with air. while Fig. 2 shows Ihe 
same model iullated with water, and the photograph turned 
right side np illustrates the appearance of the gas-titled bal- 

The parallel fabric 1ms practically no resistance to shear, 
hence tile pronounced double S-shape curve which is formed. 
Here the effect of shear is large compared to that of Ihe direct 
tension. It will he nuted that the ends of the inllnled balloon 
curve opposite to what would he expected from the force of 
gravity; nlso. that ill spite of distortion the length of the top 
curve from point to point is approximately the same as that 
of the bottom curve. If the fabric had no stretch, the top and 
bottom curves would be exactly the same length, hut the shape 
would not look very different. This is approximately the kind 
of curve assumed by the early Lebaudv airships in France 
(which were built of parallel fabric), and lo a lesser and modi- 
fier! degree by- .illy non-rigid bag with a single car. 


(6) By corrections based ot 


e proper amount of tailoring in Uoodyear airships is de- 
) By water model tests showing the amount of distortion 
le form of the first airship of 

(e) By judgment based on observation of similar types of 
ships and a comparison of bending moments. 

The tailoring is done by cutting out “ pie " shaped vertical 
strips from either the top or bottom of the balloon or both. It 
is found by experiment that these strips may- be as wide as 
12 in. without appreciably straining the fabric or unduly local- 
izing the effect. Usual practice, however, in small Goodyear 
airships lias been to standardize on strips of 3 in. maximum 
width. 

The final aim may he set down as follows; 

(«) To get a bailoon which is near enough symmetrical in 
shape to keep the resistance down to a minimum. 

(6) To get the horizontal fins parallel to the main axis. 

(e) To produce a balloon which is straight and neat ill np- 

(d) To keep the fabric stresses within proper limits. 

Once an envelope is properly tailored it will hold its shape, 
on the average, indefinitely. The tailoring is based on the usual 
conditions in regard to cable adjustments, air in ballonets, fuel 
in tanks, etc. Variations in the shape are bound to occur due 
to changes in the above conditions and due to irregularities in 
the fabric. That these variations arc slight, however, is proven 
by the very uniform appearance of all airships which have 
been built to standardized specifications. In the design of new 
ships it has been found better to err in getting the tail a little 
too high rather than too low. because there are always more 
ways of pulling it down than letting it up. In all this it should 
be remembered that the height of the tail and the angle of the 

different ways. 


Flight License Compulsory 

The Joint Army and Navy Board on Aeronautic Cognizance 
wishes to call attention to an occurrence of recent date, the 
seriousness of which must be apparent to every one. 

On March 25, 1919, during the parade held in celebration of 
the home coming of the 27th Division in New York City, a 
flying boat was seen in flight directly up and down Fifth 
Avenue above the parade, at a dangerously low altitude 
estimated to be from three to five hundred feet, which was so 
low that in case of motor failure the pilot would have hud no 
choice except to land in the crowd on the Avenue. He could 
not have reached even a fringe of Central Park owing to the 
number of trees. 

Inquiry has developed that this boat was piloted by a civilian 
who was flying without the license required by the Proclama- 
tion of the President of the United States on February* 28, 
1918. This proclamation prorides that a license must be ob- 
tained from the Joint Army and Navy Board on Aeronautic 
Cognizance by or in behalf of any* person who contemplates 
flying in a balloon, airplane, seaplane, or other machine or 
device over the whole United States, its Territorial Waters, 
Insular Possessions, and the Panama Cana) Zone. Heavy 
penalty is attached to violation of this regulation. 

There is no way* of adequately providing for the public 
safety* where airplanes lly- at too low an altitude over cities or 
large assemblies of people. In ease of accident a pilot would be 
forced to descend immediately, and human life and property 
would be endangered to a serious degree. All persons operating 
civilian aircraft are cautioned against the repetition of an oc- 
currence such as the one which took place in New* York on 
March 25, and are warned that before engaging in the opera- 
tion of any airplanes or balloons, they* must first secure a 
license from the Joint Army and Navy* Board on Aeronautic 
Cognizance. 
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D URING the last two years, Goodyear 
balloons have traveled more than two 
hundred thousand miles. 


In this time and over this distance they 
have carried more than thirty-six thousand 
passengers —without a single fatality. 

This can be taken as a promise of what 
tomorrow holds for Aeronautics — as an 
indication of the future accomplishments 
of Goodyear balloons. 

But behind this present impressive Good- 
year record is a foundation of nine years 
of Goodyear pioneering. 

It includes an intensive study of aeronau- 
tics that has developed Goodyear balloon 
men of unquestioned authority. 

It includes the construction of more than 
eight hundred balloons — spherical, kite 
and dirigible. 

Today, we are prepared to submit plans 
and specifications for any type of balloon 
desired — from the smaller sizes to the huge 
Trans-Ocean liners. 
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With Lens 
and Magazine 

$361.22 


Eastman Aero 

Model A-1 


Camera 


Here is a thoroughly practical Aero Camera that has made good in the Air 
Service of the U. S. Army and Navy — made good because it is light, compact, 
easily controlled and operated in the air. 

The 10-inch Hawk-Eye Aerial Lens developed by us especially for aerial 
photography works at a fixed aperture fA.S. and cuts clean and sharp from edge 
to edge of the 4 x S plate or film. 

A simple adjustment sets the fixed aperture of the efficient Focal Plane 
Shutter at a speed to meet any condition of flight. 

When supplied with a Graflex Magazine it carries twelve 4x5 plates which 
may be exposed in consecutive order with exceptional rapidity. 



Send for descriptive booklet ‘ ‘ rlero Cameras. ” 


FOLMER & SCHWING 

Eastman Kodak Company 


DEPARTMENT 

Rochester, N. Y. 
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T HE enduring reliability cf Bosch Magneto Ignition is recognized and admitted 
wherever gasoline is known. America's Supreme Ignition System needs no 
sustaining arguments. And behind Bosch Supremacy is Bosch Service. More than 
200 Service Stations in over 200 cities are carrying out the Bosch Pledge of Respon- 
sibility. For the American Bosch Magneto Corporation’s responsibility to its 
product ceases to exist only when the Magneto ceases to exist. 

That Bosch Service organization is growing. Highly developed technical men, 
who are qualified to give service on the same plane of excellence that the Bosch 
Magneto has established, are being welcomed into the organization. 


AMERICAN BOSCH MAGNETO CORPORATION 


AMERICAS SUPREME IGNITION SYSTEM 
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THE ATLANTIC FLIGHT 

Made possible on schedule time by 

PARAGON PROPELLERS 


When other propellers failed PARAGON Propellers and 
PARAGON Service saved the day. 

The new Paragon Booklet, technical and historical, free for the 
asking. 

AMERICAN PROPELLER & MFG. CO. 

Baltimore, Md., U. S. A. 
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THOMAS- 

MORSE 

Tandem 

$srsi 

80 h .p^ 

Le Rhone 

35 M. P H 

] 1 \ \ 

a»M. 



h— 

THOMAS -MORSE AIRCRAFT CORPORATION 


ITHACA.N.Y.U.SA 
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mmsMBP- 

1BBSKUBL 

^.5^fBfE,s-^ass-ss,' 


SAFETY 

EFFICIENCY 

ECONOMY 

Par Excellence 

SPECIFICATIONS AND ALL INFORMATION.— 

HARRY E. TUDOR. SALES MANAGER 

299 Madison Avenue New York City 

TEL. MURRAY HILL 4332 
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Aeronautical Engineering Corporation 

351-355 WEST 52nd STREET, NEW YORK 
Designers and Contractors to U. S. Army and V. S. Navy 


Aeronautical Engineering and Airplane Design 


By LIEUTENANT ALEXANDER KLEMIN 



Price, Postpaid, in the United States, $5.00 Net 


THE GARDNER-MOFFAT COMPANY, Inc., Publishers 

22 East 17th Street, New York City 
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a counterbalanced aviation 
crankshaft .... 


Patented July 10th, 1917 

one of the 1 8 different 
models we are now making 
for 1 4 aviation motor companies . . . 
reduces vibration and eliminates bearing pressure 

THE PARK DROP FORGE CO. CLEVELAND, OHIO 
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FILES 

DRILLS 

TAPS and DIES 
MACHINISTS’ TOOLS 
BOLTS and SCREWS 
FACTORY SUPPLIES 
Etc., Etc. 


I N this period of reconstruc- 
tion it is more important 
than ever to keep up the stock in 
your storeroom — have the gaps 
filled in and leveled off — to be 
prepared to better meet the new 
conditions as they develop and 
the competition which is su re to 
come. . 

We are ready for you with a 
large and assorted line of 

General Hardware 
Tools and 
Factory Supplies 

and solicit an opportunity to 
figure on your requirements. 

HAMMACHER, 
SCHLEMMER & CO. 

Hardware, Toole and Factory Supplies 

4th Ave. & 13th St. New York Since 1848 


Aluminum Company of America 

General Sales Office, 2400 OUver Building 
PITTSBURGH, PA. 

Producers of Aluminum 

Manufacturers of 

Electrical Conductors 

for Industrial, Railway and Commer- 
cial Power Distribution 

Ingot, Sheet, T ubing. Rod, Rivets, 
Moulding, Extruded Shapes 

also 

Litot Aluminum Solders and Flux 

CANADA 

Northern Aluminum Co., Ltd., Toronto 
ENGLAND 

Northern Aluminium Co., Ltd., London 
LATIN AMERICA 

Aluminum Co. of South America. Pittsburgh. Pa. 
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Single Pull ey ^ D r ive 

'^tuLwd mmJhiL. Ul son 

W. .Uo build Upirsrasl MUImOindiai Hspda. 

THE FOX MACHINE COMPANY 

1810 W. Gavson St., Jackson, Mich. 

Formerly ol Croud Rapid., Mich. 


CASEIN 


CASEIN 


Aldgate Casein Works 


NIEUWHOF, SURIE & CO., Ltd. 

Head Office: 

5, Lloyd’s Avenue London, E. C. 3 


To get the Best Results with 
THREE-PLY VENEERING, &c„ 
the adhesive mixture must contain 


PLYOL 






Fahrig Anti-Friction Metal 

The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 


Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 
one tin-copper alloy which has superior 
anti-friction qualities and great durability 
and is always uniform. 


FAHRIG METAL C0„34 Commerce St,N.Y. 


FUEL LEVEL 
GAGES 



This cut shows our 
Model 51 Gage 
which is standard on 
practically all type 
of military training 
machines. 

Other types of gages 
in large quantities 
are “ doing their 
bit ” as part of the 
equipment of Eng- 
1 i s h Government 
Warplanes. 




BOSTON AUTO GAGE CO. 

8 WALTHAM STREET, BOSTON, MASS. 


SPRUCE LUMBER 

for 

Airplane Construction 

L'OR twenty years we 
A have been exclusive 
manufacturers of PACI- 
FIC COAST SPRUCE 
LUMBER. Our product 
is from the very best forests 
of SITKA SPRUCE. 

We solicit your inquiries 

MULTNOMAH LUMBER 
& BOX COMPANY 

PORTLAND 


OREGON 
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STIMPSON COPPER RIVETS AND BURRS 


WE MANUFACTURE 
BRAKE BAND 
RIVETS 
TINNERS 
RIVETS, 
BRAZIERS 
RIVETS, 


IN ALL 
DIAMETERS 
AND LENGTHS 


7# FRANKLIN AVE. 



;l T 

la II 


SPECIAL RIVETS 
AND 
SHEET 
METAL 
STAMPINGS 
MADE 
UNDER 
CONTRACT 


You can dispense with the 
preliminary block test — 

by finding the R.P.M. of airplane motors, 
prior to the final tachometer rating, with a 

SPEED COUNTER 


The Veeder Mfg. Co. 

56^ Sargeant St., Hartford, Conn. 


ROME 

AERONAUTICAL 

RADIATORS 

Developed from years of experience in 
building all types of radiators. 

They possess every feature and qualifi- 
cation necessary for a high grade 
product. 

STRONG 

EFFICIENT 

DURABLE 

Used on the best American flying machines. 
Our engineering department is at your 

Rome -Turney Radiator Company 
Rome, N. Y., U. S. A. 





Akimoff Crankshaft 


VIBRATION SPECIALTY CO., Harrison Bldg., 
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Quality Instruments For Airplanes 


FOXBORO 


Indicating Dial Type Thermometers for 
circulating oil and water. 

Airspeed Indicators to determine buoy- 
ancy and avoid stalling. 

Oil Pressure Gauges 
Air Pressure Gauges 

The Foxboro line includes many other types of Indicating and Recording Instru- 
ments designed for all sorts of conditions and purposes. 

Bulletin No. BI-no describes our Airplane Instruments. 

THE FOXBORO CO., Inc., FOXBORO, MASS., U. S. A 




kjYALlK 

The Yale Spur-Geared 
Chain Block and the ‘Brown- 
hoist’ Trolley make heavy 
weights almost float. 



WITTEMANN-LEWIS 

AIRCRAFT 

COMPANY 

NEWARK, N. J. 


Lincoln Highway 
near Passaic River 







New York Wire CSt, Spring Company 

586 Washington Street, New York 




VI 

j 

Berlintf Magneto 

WORTH M ORE J DOES MOR .E 



AIRCRAFT INSTRUMENTS 


COMPASS -TURN INDICATOR 
- BANKING INDICATOR ■ 
AIR DISTANCE. RECORDER 

i ■ WRITE. FOR INFORMATION ■ • 

PIONEER INSTRUMENT COMPANY 

380 CANAL STREET HEW YORK CITY 





New York Flying School 

A LIMITED NUMBER 

Select Students 


Com pl e * Course 


'SSf 


m.-. 


* " r " 
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PHILBRIN 

DUPLEX IGNITION 

. — with a second system to 
spur the motor to super — service. 

C C s“£i N ^5,m° JK*yd°oSSriBi?w^iy 


PHILIPS-BRINTON COMPAN 



OEBLING 


Aircraft Wire 
Strand, Cord, 
Thimbles and 
Ferrules 



Future Flyers 

ATTENTION ! 

You have the opportunity of learning to 
FLY for PLEASURE or BUSINESS 

SCHOOL NOW OPEN. 


‘‘EMAILLITB’* 

Five Dollars a Gallon 

The Premier French "Cellulose Acetate” 
Airplane Dope 

Manufactured by the 

American Emaillite Company 

549 West Washington Street. Chicago, Illinois. 


CAPITAL JIGS 

INTERNAL CTAMDIMPC TOOLS 
GRINDER iMAlUrinUJ DIES 


W °AlT ' m. 

made right and perform tl 
hence we have equipped our new 
of the highest quality. We ofle 
and trust we may be of service. 


aid be »o 

mast he 
i properly. 


Lansing Stamping & Tool Co. 


Lansing, Michigan 
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Check off the foil 

:^r, 0 z. 1 


A ~r;; M 


T 


HIS waterproof varnish, that defies vi 
was used, during the war, by nearly every con- 
tractor who manufactured airplanes for the 
Army or Navy. 

Now that practical peace-time airplanes are being 
made, the Aircraft Engineering Corporation selected 
the finish that made good under severe w 
conditions. After giving other finishes every 
sideration they have finally decided in favor of 

PRATT & LAMBERT 
AIRPLANE FINISHES 





PRATT 8c LAMBER T- I r 
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CURTISS AEROPLANE AND MOTOR CORPORATION, Sales Office: 52 Vanderbilt Ave., New York City 

CURTISS ENGINEERING CORPORATION. Garden City, Long Island THE BURGESS COMPANY. Marblehead. Mass 


Member Manufacturers' 


Aircraft Association 


